We have characterized a putative precursor R N A (15.5S) for the 15S ribosomal R N A in mitochpndria of Saccharomyces cerevisiae. Hybrids were formed with mitochondrial R N A and mt DNA fragments terminally labelled at restriction sites located within the gene coding for 
INTRODUCTION
In most e u k a r y o t e s t h e genes coding for t h e l a r g e and small ribosomal RNAs (rRNAs) a r e l o c a t e d n e x t t o each o t h e r and t r a n s c r i b e d as a common p r e c u r s o r RNA from which t h e i n d i v i d u a l rRNAs a r i s e through p r o c e s s i n g by s p e c i f i c enzymes [ 1 ] . This type of gene o r g a n i z a t i o n may be of h e l p t o g e n e r a t e e q u a l amounts of both rRNAs r e q u i r e d f o r t h e assembly of t h e r i b o s o m e .
In t h e y e a s t Saccharomyces c e r e v i s i a e t h e m i t o c h o n d r i a l genes coding f o r l a r g e and small RNAs of t h e m i t o c h o n d r i a l ribosome
are far a p a r t and s e p a r a t e d by 25.000 base p a i r s (bp) on t h e p h y s i c a l map [ 2 ] . We a r e i n t e r e s t e
d in t h e s y n t h e s i s of t h e m i t o c h o n d r i a l rRNAs t o s e e i f mechanisms o p e r a t e t o e s t a b l i s h an equal o u t p u t of both rRNAs and i f t h i s i s c o o r d i n a t e d w i t h the s y n t h e s i s and import in t h e m i t o c h o n d r i o n of t h e n u c l e a r -
coded ribosomal proteins.
We have made a start with the study of these problems byinvestigating the structure of the rRNA genes and their transcripts. The gene for the large rRNA contains an optional intron of 1143 bp in some strains and putative precursor RNAs still containing the intervening sequence have been found [3] [4] [5] . Transcripts with extensions on the 3'-end of the gene have also been described [5] . In the gene coding for the small rRNA we have found no evidence for the presence of an intron [6] and there are only limited indications for the existence of possible precursor RNAs. Thus, Van Ommen et al. [7] identified a 19S RNA mapping in the proximity of the 5'-end of the 15S rRNA gene and Morimoto et al . [8] have shown that all petites retaining the 15S rRNA gene contain an RNA species slightly larger than the 15S rRNA itself. In this paper we have mapped this RNA species and show that it may be a precursor of the 15S rRNA. The same RNA was also characterized from wild-type ye,ast.
MATERIALS AND METHODS
Yeast strains. Saccharomyces cerevisiae KL14-4A (hisl,trp2, + + R R R p ,omega , C.,.,. , 0,., P454 ) • The construction and isolation of the petite strains LH25F2 (AMR24-11A, a,ile~,trp~,tsp25,P R ) and LH26D7-10, a secondary petite mutant from LH26D7 (AMR22-11C, I s o l a t i o n of nucleic a c i d s . mtDNA and R N A from S. c e r e v i s i a e KL14-4A and the p e t i t e mutants LH25F2 and LH26D7-10 were isolated from mitochondria by standard procedures [9] [10] [11] [12] . R N A from mitochondrial ribosomes was purified by hot phenol extraction
[13] and a l c o h o l -p r e c i p i t a t i o n . Hybridization. Transfer of DNA to nitrocellulose filters and filter hybridization were carried out as described [18] .
Analysis of hybrids with S 1 nuclease. S.. nuclease mapping was carried out according to Berk and Sharp [21] with minor modifications as described [6] , For DNA-DNA renaturation analysis the hybridization temperature was lowered to 31°C and S,. nuclease digestion was carried out at 30°C. Electrophoresis in neutral or alkaline flat-bed gels was carried out as described 
RESULTS

Physical mapping of p e t i t e mutant LH26D7-10
The DNA sequences r e t a i n e d by LH25F2 are known [6] and t h e i r p o s i t i o n with r e s p e c t to the w i l d -t y p e p h y s i c a l map i s i n d i c a t e d in F i g . 1 next to the gene (see b e l o w ) . We have determined the exact p o s i t i o n of t h e end p o i n t of the d e l e t i o n with t h e S^ n u c l e a s e mapping t e c h n i q u e . mtDNA of t h e p e t i t e mutant LH26D7-10 was c u t with BamHI and the 3 ' t e r m i n i l a b e l l e d with 3 2 P at the 3 ' -e n d s (see Materials and Methods). DNA from the much l a r g e r p e t i t e mutant LH25F2 was cut with MboII. The DNAs were mixed, melted and r e n a t u r e d . After treatment of the r e n a t u r a t i o n products with Sn u c l e a s e , the DNA was analysed by agarose gel e l e c t r o p h o r e s i s .
. P e t i t e mutant LH26D7-10 i s of much lower g e n e t i c complexity with a r e p e a t u n i t length of 2700 bp obtained a f t e r d i g e s t i o n with BamHI bp ( F i g . 2 , lane e ) . After d i g e s t i o n with HapII a 2000 bp fragment was found t h a t h y b r i d i z e s with
When the l a b e l l e d LH26D7-10 DNA r e n a t u r e s with i t s e l f the r e p e a t i n g u n i t of 2700 bp i s expected. When the l a b e l l e d LH26D7-10 DNA r e n a t u r e s with DNA of p e t i t e mutant LH25F2, a h e t e r oduplex r e s i s t a n t to S^ nuclease can only s u r v i v e from the labelled BamHI s i t e up to the junction or from the BamHI s i t e to the internal MboII s i t e (Fig. 3 ) . W e find three prominent band can be seen. This f i t s exactly with the expectations outlined in Fig. 3 , where the 1000 bp fragment i s the length of D N A extending from the BamHI s i t e to the junction and the 1300 bp fragment i s the one in which the s i n g l e -s t r a n d e d DNA from the BamHI to the MboII s i t e has further reacted with complementary DNA. The end point of the d e l e t i o n maps, t h e r e f o r e , immediat e l y upstream of the HapII s i t e located a t the 5'-end of the 15S rRNA. Of the two small remaining HapII fragments one maps e n t i r e l y , the other (the j u n c t i o n fragment) almost e n t i r e l y in the region flanking the 3'-end of the gene, as we have shown above.
mtRNAs from wild-type and p e t i t e mutants Morimoto et a l • [8] have shown t h a t p e t i t e mutants r e t a i n -
ing the 15S rRNA gene have an extra RNA species (15.5S) migrating just behind the 15S rRNA on an agarose g e l . This same RNA . species, with a length of 1680 nucleotides, is present in the p e t i t e mutants LH25F2 and LH26D7-10 (Fig. 5 ) . When the agarose gel is overloaded and electrophoresis is prolonged, an RNA species with the same migration behaviour -but present in much lower concentration r e l a t i v e to the 15S rRNA -can be seen in the mtRNA derived from wild-type mitochondria (Fig. 5 ) .
Characterization of the 15.5S RNA For the physical mapping of the RNA we have cut 15S rRNA gene fragments with r e s t r i c t i o n enzymes that cleave the gene internally and end-labelled the codogenic strand either at the 5'-end or the 3'-end (see Methods). The labelled fragments were hybridized with the mtRNAs, the hybrids were treated with S,. nuclease and analysed by agarose gel e l e c t r o p h o r e s i s . The p e t i t e mutant RNAs both protect two specific DNA fragments conserving the 3 2 P label at the 5'-end of the codogenic DNA strand cut with BamHI ( . S nuclease analysis of hybrids between mtDNA fragments terminally labelled with 32 P at the internal BamHI site and mtRNA. Hybrids were elc.ctrophoresed on an alkaline agarose gel of 2% DNA was blotted to nitrocellulose filters and radioactive bands visualized by autoradiography. a) Marker DNA, pBR322 x Hinfl. S nuclease-treated hybrids formed with wild-type mtRNA enriched for 15S rRNA: b) untreated; c) 100 U/ml; d) 50 U/ml. S nuclease-treated hybrids formed with LH25F2 RNA: e) untreated; f), 100 U/ml; g) 50 U/ml. For marker DNA fragment lengths, see Methods. from 15S rRNA. We t h e r e f o r e p r e p a r a t i v e l y i s o l a t e d the 15.5S
RNA from wild-type RNA using gel e l e c t r o p h o r e s i s . F i g . 7 i l l u st r a t e s the enrichment of the 15.5S RNA over 15S rRNA. When t h i s RNA was used for the S^ nuclease a n a l y s i s , the p r o t e c t e d f r a gment, 70-90 n u c l e o t i d e s larger than t h a t derived from the 15s rRNA i t s e l f , i s also present ( F i g . 6 ) .
This i n d i c a t e s t h a t the 15.5S RNA species -more e a s i l y d e t e c t a b l e in the p e t i t e mutant s t r a i n s -but a l s o present in wild-type mtRNA i s not due to aberrant t r a n s c r i p t i o n . Hybrids were electrophoresed on alkaline agarose gels of 2%. D N A was blotted to nitrocellulose filters and radioactive bands visualized by autoradiography. S nuclease-treated hybrids formed with petite mutant LH25F2 RNA: a) 100 U/ml; b) 50 U/ml; c) untreated. S nuclease-treated hybrids formed with S. cerevisiae , KL1H-1A RNA: d) 100 U/ml; e) 50 U/ml; f) untreated. g) As d) but with R N A and not treated with S nuclease; h) 32 P-labelled D N A fragment; i) marker DNA, pBR32? x Hinfl, see Methods. This fragment was hybridized with petite mutant mtRNA and the hybrids were treated with S,. nuclease, electrophoresed on an agarose gel and blotted onto a nitrocellulose f i l t e r . Fig. 9 shows that no 32 P end-label survives the S 1 nuclease treatment, but when the f i l t e r s are hybridized with in vitro 3 2 P-labelled 15S rRNA, the specific D N A fragments described e a r l i e r [6] are found indicating that bona fide hybrids were made surviving S,. nuclease analysis. The experiment shows that the 15.5S R N A does
a b e d e • • Fig. 9 . S. nuclease analysis of hybrids between mtDNA fragments labelled with 32 P a t the 3'-end of the HapII s i t e located a t the 5'-end of the 15S rRNA gene and mtRNA. Hybrids were electrophoresed on a 2% agarose g e l . DNA was blotted t o nitrocellulose f i l t e r s and labelled DNA bands detected by autoradiography (lanes a-h). Afterwards the nitrocellulose sheet was hybridized with in v i t r o 3 2 P-labelled 15S rRNA (lanes a ' -h ' ) . a) Marker DNA, pBR322 x Hinfl. S nuclease-treated hybrids formed with LH25F2 RNA: b) 100 U/ml; c) 50 U/ml; d) untreated, e) the HapII DNA fragment labelled with 3 2 P a t the 3'ends.S nuclease-treated hybrids formed with S. cerevisiae KLIt-tA mtRNA: f) 100 U/ml; g) 50 U/ml; h) untreated. Of the marker DNA fragments in a' only one i s s t i l l visible due to decay of 32 P label in the time elapsed between the f i r s t and the second experiment. Fig. 10 . S 1 nuclease analysis on hybrids formed with the MboII x HapII double digestion DNA fragment and p e t i t e mutant LH25F2 RNA. Hybrids were electrophoresed on a neutral 2% agarose g e l . DNA was blotted t o n i t r o c e llulose f i l t e r s and hybridized with in v i t r o 3 2 P-labelled 15S rRNA. DNA bands were detected by autoradiography. a) DNA cut with MboII and HapII. S nuclease-treated hybrids: b) 100 U/ml; c) 50 U/ml; d) untreated, e) Marker DNA, pBR322 x Hinfl, see Methods.
not overlap the HapII site located at the 5'-end of the 15S rRNA gene.
The 15.5S RNA and the 15S rRNA also do not extend over the HapII site flanking the 3' side of the gene. The isolated 2000 bp HapII fragment was cut in two halves with MboII and the fragments were hybridized with petite mutant RNA. After S,. nuclease treatment the hybrids were electrophoresed and blotted on nitrocellulose filters. The protected DNA strands were detected by hybridization with 32 P-labelled 15S rRNA. From the 5'-end of the fragment two protected pieces were found as expected ( Fig. 1 0 ) . From the 3'-end DNA fragment only one protected piece is recovered and this migrates faster than the original MboII x HapII fragment used for hybridization indicating that part of this hybrid fragment was not covered with RNA in hybrid (Fig. 10) . The difference in migration suggests that the 15S rRNA and the 15.5S RNA both end approximately 90 bp short of the HapII site.
DISCUSSION
Yeast petite mutants retaining the gene for the 15S rRNA contain a prominent mtRNA species (15.5S) migrating just behind the 15S RNA on an agarose gel [8] . We have characterized and mapped this RNA species on mtDNA, using the S-nuclease mapping technique of Berk and Sharp [21] . It contains all RNA sequences of the 15S rRNA plus approximately 80 nucleotides derived from the 5' flanking region of the 15S rRNA gene. Both the 15.5S RNA and the 15S rRNA map within the 2000 bp HapII fragment and their 3'-ends are the same within the limits of accuracy of the Sn uclease mapping technique detected. An RNA species with the same characteristics has been purified from wild-type mtRNA. This shows that faithful transcription still occurs in petite mutant mitochondria, but that the rate of processing of RNA species may be altered leading to steady-state levels of RNA species very different from those in wild-type. It is very tempting to consider the 15.5S RNA as a precursor of 15S rRNA. In in vitro RNA synthesis experiments with isolated mitochondria an RNA species comparable with the 15.5S rRNA described here, shows faster labeling kinetics than the mature 15S rRNA (Boerner, P., [23], who found a primary transcript in wild-type mtRNA corresponding in length with the putative 15S rRNA precursor we have described in this paper, we favour the idea that specific 
